CCS Chain Capacity Selection for Flexible Load Power Plant  by Kalinin, Alexey et al.
 Energy Procedia  23 ( 2012 )  343 – 353 












RSHUDWLRQ RQ WKH&&6SURFHVV 6SHFLILFDOO\ZH FRQVLGHU WKH&&6 FKDLQ FDSDFLW\ VHOHFWLRQ GHFLVLRQ E\ZKLFKZH
PHDQ WKH FKRLFH RI WKH RSWLPDO SODQW VL]H WR XQGHUVWDQG ZKDW GHWHUPLQHV WKH DPRXQW RI &2 WKDW LV HIILFLHQW WR
FDSWXUHDQGKRZWKHGHFLVLRQWRLQYHVWLQ&&6FKDLQFDSDFLW\LVDIIHFWHGE\SULFHYRODWLOLW\RI&2HPLVVLRQVTXRWDV
:H IRXQG WKDW WKHSODQW
V HPLVVLRQVSURILOH GHWHUPLQHG D UDQJH RI&&6 FDSDFLWLHV WKDW FRXOG EH HIILFLHQWZLWK WKH
WUDGHRIIEHWZHHQWKHSULFHRI&2HPLVVLRQVTXRWDVDQGWKHFRVWRI&&6WHFKQRORJ\GHWHUPLQLQJWKHVSHFLILFRSWLPDO
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ORDG SRZHU SODQWV FRQVLGHULQJ QR XQFHUWDLQW\ LQ WKH SULFH RI &2 TXRWDV 2QH RI WKH IXQGDPHQWDO
GLIIHUHQFHVEHWZHHQWKHWZRW\SHVRISODQWVLVWKDWRQHJHQHUDWHVSRZHUDQG&2HPLVVLRQVDWDFRQVWDQW
UDWH ZKLOH WKH IOH[LEOH ORDG SODQW YDULHV LQ SRZHU DQG FRQVHTXHQWO\ HPLVVLRQV RXWSXWV SRWHQWLDOO\
FKDQJLQJ LWV ORDG EHWZHHQ VHDVRQV DQG WLPHV RI GD\ )RU WKH SXUSRVH RI VLPSOLFLW\ ZH DVVXPH DQ
HPLVVLRQVSURILOH WKDWYDULHVE\PRQWKIRU WKH IOH[LEOH ORDGSODQW$OWKRXJKDW WKLV WLPHVWHS WKHSURILOH
EHWWHUUHVHPEOHVVHPLEDVHORDGRSHUDWLRQLQWKHFRQWH[WRIWKLVPRGHOZHUHIHUWRLWDVIOH[LEOHRSHUDWLRQ
&DVHD&&6&KDLQ&DSDFLW\&KRLFHIRU%DVH/RDG3RZHU3ODQW
,Q WKH EDVH FDVH LW LV DVVXPHG WKDW D EDVH ORDG SRZHU SODQW LV LQ H[LVWHQFH LQ \HDU  DQGZLOO
FRQWLQXHWRRSHUDWHXQWLOHPLWWLQJ&2DWDFRQVWDQWUDWHRI0W&2\)LJXUHD7KHRZQHUPXVW


















































QDPHO\ WKHSULFHRI&2TXRWDV WKHSODQWHPLVVLRQVSURILOHDQG WKHFRVWVRI&2FDSWXUH WUDQVSRUWDQG
VWRUDJH$SULFHRI¼WRQ&2ZDVDVVXPHGIRUFDOFXODWLRQVRIHPLVVLRQFRVWV,W LVGLIILFXOW WRSLFND
XQLTXH&2SULFHJLYHQWKHUDQJHRIFXUUHQWHVWLPDWHVIRUEUHDNHYHQSULFHV)RUGHPRQVWUDWLRQSURMHFWLQ
WKH QHDU WHUP ¼WRQ DUH WKH DFFHSWHG UDQJH >@ZKLOH IURP RQZDUGV EUHDNHYHQ SULFHV
PD\GHFOLQH WR¼WRQ >@:HDVVXPHD ORZHUERXQG HVWLPDWH IRU WKH DV D UHVXOW RI
WHFKQRORJLFDOOHDUQLQJDQGH[SHULHQFH
&DVH(IIHFWRISULFHYRODWLOLW\RQLQYHVWPHQWLQ&&6
,Q FDVH ZH FRQWUDVW WKH HIIHFW RI SULFH YRODWLOLW\ RI &2 TXRWDV RQ WKH GHFLVLRQ WR LQYHVW LQ&&6
WHFKQRORJ\ RQ DQ H[LVWLQJ EDVH ORDG DQG IOH[LEOH ORDG SRZHU SODQWV 7KH FRPSDULVRQ LV GHYHORSHG E\
XVLQJDPXOWLSOHWLPHSRLQWLQYHVWPHQWGHFLVLRQWUHHPRGHOZLWKDVWRFKDVWLFSULFHGLVWULEXWLRQZKHUHWKH
LQYHVWPHQW GHFLVLRQ LV LUUHYHUVLEOH7KHPRGHO LV EDVHGRQ D VWRFKDVWLF SULFHGLVWULEXWLRQ DQG LV VROYHG








IRUPRUH LQIRUPDWLRQ RQ &2 SULFH GHYHORSPHQW EHIRUHPDNLQJ DQ LUUHYHUVLEOH LQYHVWPHQW GHFLVLRQ LQ
&&6WHFKQRORJ\7KLV LVDFRQWUDVW WRFDVHZKHUH WKHGHFLVLRQ WR LQYHVW LQ&&6RUSD\ IRUHPLVVLRQV
TXRWDVLQZDVLUUHYHUVLEOH,QWKLVFDVHWKHRZQHUFDQPDNHDGHFLVLRQRIZKHWKHUWRLQYHVWLQ&&6
WHFKQRORJ\RUSD\HPLVVLRQVTXRWDVDWWKUHHWLPHSRLQWVVHSDUDWHGE\\HDULQWHUYDOVEHJLQQLQJLQ







DVVXPSWLRQ DQG WKH V\PPHWULF &2 SULFH SUREDELOLW\ GLVWULEXWLRQ WKH H[SHFWHG IXWXUH SULFH RI &2 LV
HTXDO WR WKHSULFHDW WKH WLPHRI LQYHVWPHQW$OWHUQDWLYHO\ WKHRZQHUFDQFKRRVH WRZDLWXQWLO WKHQH[W
SHULRGDQGSD\IRU\HDUVRI&2TXRWDVRQSODQWHPLVVLRQVDWWKH&2SULFHREVHUYHGLQWKHEHJLQQLQJ





























IRU&&6 WHFKQRORJ\DQGSD\PHQW IRUHPLVVLRQVTXRWDV%XLOGLQJ WKH&&6FKDLQFDSDFLW\ WRFDSWXUHDOO





$PLQH SRVW FRPEXVWLRQ FDSWXUH SURFHVV ZLWK  FDSWXUH HIILFLHQF\ EDVHG RQ D FKHPLFDO VROYHQW






 Alexey Kalinin et al. /  Energy Procedia  23 ( 2012 )  343 – 353 347
$VSHQ 3URFHVV (FRQRPLF $QDO\]HU DQG VXEVHTXHQW VFDOLQJ XVLQJ WKH HTXLSPHQW FRVW SRZHU ODZ DQG








LV D IXQFWLRQ RI WKH RSHUDWLRQ ORDG DQG &2 TXDQWLWLHV FDSWXUHG ,W FRYHUV FRQVXPSWLRQ RI XWLOLWLHV
HOHFWULFLW\VWHDPFRROLQJZDWHUDQG0($PDNHXS9DULDEOHFRVWVDUHDVVXPHG WREH OLQHDUGRZQWR
0W&2\ &&6 FKDLQ FDSDFLW\ GXH WR SDUDOOHO FRQVWUXFWLRQ RI PDLQ XWLOLW\ FRQVXPLQJ XQLWV VXFK DV
EORZHUVWKHVWULSSHUDQGFRROHU:KHQDSODQWGRHVQ¶WRSHUDWHDWIXOOFDSDFLWLHVVRPHRIWKHSDUDOOHOXQLWV
DUH VKXW GRZQ ZKLOH WKH UHVW RSHUDWH DW IXOO FDSDFLW\ 7KHUHIRUH LW FDQ EH DVVXPHG WKDW WKHUH LV QR
HIILFLHQF\ GHFUHDVHV ZKHQ D SODQW GRHVQ¶W RSHUDWH DW IXOO FDSDFLW\+RZHYHU LW LV DVVXPHG WKDW D SODQW
FDQQRW RSHUDWH XQGHU  0W\ RWKHUZLVH WKH RSHUDWLQJ FRQGLWLRQ RI WKH SDFNHG FROXPQV LV RYHUO\
SHUWXUEHG7KHDQQXDOIL[HGRSHUDWLQJFRVWLVDVVXPHGWREHRIWRWDOLQYHVWPHQWFRVWVZKLOHWKHDQQXDO
YDULDEOHRSHUDWLQJFRVW DUHHVWLPDWHGXVLQJ WKHXWLOLWLHVFRQVXPSWLRQVJLYHQE\SURFHVV VLPXODWLRQVDQG
XWLOLW\ FRVWV VKRZQ LQ7DEOH ,W LVZRUWK QRWLQJ WKDW WKH VWHDP FRVW SUHVHQWHG LQ7DEOH  LV EDVHG RQ
H[WUDFWLQJ VWHDP IURP WKH/3 VWHDPFLUFXLW7DEOH VKRZV WKH IXQFWLRQV XVHG WRGHULYH&DSLWDO )L[HG
2SHUDWLQJDQG9DULDEOH2SHUDWLQJFRVWV

7DEOH8WLOLWLHVFRVWV   7DEOH&RVWIXQFWLRQVIRUFDSWXUHSURFHVV
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5HVXOWVDQG'LVFXVVLRQ
2SWLPDO&&6&KDLQ&DSDFLW\&KRLFH&DVHDDQGE




EHQHILWV RI D JLYHQ &&6 FKDLQ FDSDFLW\ VDYLQJV LQ XQLW FRVWV RI &&6ZHUH FDOFXODWHG IRU HDFK 0W\
LQFUHDVH LQ&&6FKDLQFDSDFLW\ )LJXUH6DYLQJV LQ WKHFRVWRI&&6ZHUHDFKLHYHGZKHQ WKHFRVWRI
PLWLJDWLQJ&2HPLVVLRQVGHFOLQHGDVD UHVXOWRIDQ LQFUHDVH LQ&&6FKDLQFDSDFLW\0RUH VSHFLILFDOO\
WKDWPHDQV WKHGHFUHDVH LQHPLVVLRQSD\PHQWVDVD UHVXOWRIDGGLWLRQDO&&6FKDLQFDSDFLW\ZDVJUHDWHU
WKDQWKHFRVWRI WKH&&6WHFKQRORJ\8QLWFRVWVRI&&6DFURVVGLIIHUHQW&&6FDSDFLWLHVDQGDUDQJHRI




































































FKDLQFDSDFLW\ VR ORQJDV WKHGHFOLQH LQ&2TXRWDFRVWV LVJUHDWHU WKDQ LQFUHDVHV LQ WHFKQRORJ\ &&6




EHQHILW:LWK WKH IOH[LEOH ORDG SODQW PRUH RXWFRPHV DUH SRVVLEOH )LJXUH E 8QLW FRVWV IRU &&6 LQ
)LJXUHE VKRZ WKDW D&&6FKDLQFDSDFLW\RI0W&2\ LV WKHPRVWHIILFLHQW VROXWLRQZKHQ&2TXRWD
SULFHVDUHDURXQG¼WRQDFDSDFLW\RI0W&2\LVEHVWDWKLJKHU&2TXRWDSULFHVRIDURXQG¼WRQ
DQGDWYHU\KLJK&2TXRWDSULFHV DFDSDFLW\RI0W&2\ LVPRVWHIILFLHQW(YHQ WKRXJK WKHDQQXDO
DPRXQW RI &2 SURGXFHG LV 0W\ SHDN &2 IORZV LQ WKH IOH[LEOH ORDG SRZHU SODQW HPLVVLRQ SURILOH
H[FHHGWKDWIRUVRPHRIWKH\HDU7KDWPDNHVDKLJKHU&&6FKDLQFDSDFLW\FKRLFHHIILFLHQWRQO\DWKLJK






























































)LJXUH LOOXVWUDWHV WKLV WUDGHRII VKRZLQJ WKHPDUJLQDO VDYLQJV LQXQLW FRVWRI&&6 IURPDGGLWLRQDO
&&6FKDLQFDSDFLW\ IRU WKHIOH[LEOH ORDGSRZHUSODQW6DYLQJVDUHVKRZQDWGLIIHUHQW&2TXRWDSULFHV
ZLWK SRVLWLYH EDUV LQGLFDWLQJ SRVLWLYH VDYLQJV DQG WKH GHFOLQH LQ XQLW FRVW RI &&6 GXH WR FDSDFLW\
H[SDQVLRQ ZKLOH QHJDWLYH EDUV UHSUHVHQW LQFUHDVHV LQ XQLW FRVWV RI &&6 LQGLFDWLQJ WKDW DGGLWLRQDO
FDSDFLW\ VKRXOG QRW EH EXLOW )LJXUH  GHPRQVWUDWHV WZR LPSRUWDQW DVSHFWV RI WKH WUDGH RII EHWZHHQ
DGGLWLRQDO&&6FKDLQFDSDFLW\DQGHPLVVLRQVTXRWDSD\PHQWVJUHDWHUVDYLQJVIURPDGGLWLRQDOFDSDFLW\DW
KLJKHU&2TXRWDSULFHVDQGDGHFOLQLQJUDWHRIVDYLQJVLQXQLWFRVWVRI&&6ZLWKLQFUHDVLQJFDSDFLW\7KH
ILUVWSRLQWPHDQV WKDW DV&2TXRWDSULFHV LQFUHDVH WKHFRVWRISD\LQJHPLVVLRQVTXRWDVEHFRPHVYHU\
ODUJHDQGLQYHVWLQJLQ&&6WHFKQRORJ\EHFRPHVFKHDSHUWKDQSD\LQJIRUTXRWDV7KHKLJKHUWKHSULFHRI
HPLVVLRQV TXRWDV WKH JUHDWHU WKH VDYLQJV UHDOL]HG IURP LQYHVWLQJ LQ &&6 7KH VHFRQG SRLQW LV OHVV




LQ FRVW DERYH WKH  0W\ &&6 FKDLQ FDSDFLW\ DUH DOVR VPDOOHU )RU WKLV UHDVRQ HYHQ WKRXJK WKH 
0W&2\HPLVVLRQUDWHLVSDUWRIWKHHPLVVLRQSURILOHLWLVQRWHFRQRPLFDOWRDGGWKLVFDSDFLW\XQGHUWKH
&2 TXRWD SULFHV ZH FRQVLGHU 7KH FRVW RI DGGLQJ WKH DGGLWLRQDO &&6 FKDLQ FDSDFLW\ LV JUHDWHU WKDQ
VDYLQJV RQ HPLVVLRQV ,W LV PRUH HIILFLHQW WR SD\ IRU WKH DGGLWLRQDO HPLVVLRQV ,QYHVWRUV ZLWK OLPLWHG
FDSLWDO FRXOG WKHUHIRUH SRWHQWLDOO\ LQFUHDVH UHWXUQ RQ LQYHVWPHQW E\ VSUHDGLQJ &&6 LQYHVWPHQW RQ
PXOWLSOH VPDOOHU &&6 LQVWDOODWLRQV RQ SRZHU SODQWV ZLWK IOH[LEOH ORDG UDWKHU WKDQ RQH VLQJOH ODUJH
FDSDFLW\&&6LQVWDOODWLRQ
&DVHD%DVH/RDG3RZHU3ODQW,QYHVWPHQWDQG3ULFH9RODWLOLW\
,QYHVWPHQW RXWFRPHV IRU WKH EDVH ORDG SRZHU SODQW FDVH D DUH SUHVHQWHG ZLWK KLJK DQG ORZ &2
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7KH H[SHFWHG VDYLQJV IURP
H[HUFLVLQJWKHRSWLRQWRLQYHVW
DWDODWHUWLPHLV¼PLOOLRQ
ZKLFK LV WKH GLIIHUHQFH
EHWZHHQ WKH FRVW RI LQYHVWLQJ
QRZDQGWKHH[SHFWHGFRVWRI
ZDLWLQJ DQG PDNLQJ WKH
GHFLVLRQODWHU:HFDOOWKLVWKH
H[SHFWHGYDOXHRIZDLWLQJDQG
LW FDQ EH SRVLWLYH DQG
QHJDWLYH:KHQ LW LV SRVLWLYH
WKH SODQW RZQHU LV EHWWHU RII
ZDLWLQJ IRU PRUH LQIRUPDWLRQ
DQG PDNLQJ WKH LQYHVWPHQW
GHFLVLRQ ODWHU ,I WKH H[SHFWHG
YDOXH RI ZDLWLQJ LV QHJDWLYH
WKHQ WKH FRVW RI ZDLWLQJ LV
JUHDWHU WKDQ LQYHVWLQJ DQG LW




TXRWDV LITXRWDSULFHVDUH ORZ8OWLPDWHO\ZHVHH WKDW DKLJKXQFHUWDLQW\ LQSULFHVFUHDWHV LQFHQWLYHV WR
GHOD\LQYHVWPHQW,Q)LJXUHWKHPRGHOFDQQRWSUHGLFWZKDWRXWFRPHZLOORFFXULWRQO\VKRZVDUDQJHRI
SRVVLEOH RXWFRPHV DQG WKHSRWHQWLDO GHOD\ LQ LQYHVWPHQW WKDW FDQ UHVXOW ,Q WKH FDVHRI UHODWLYHO\ VWDEOH
&2TXRWDSULFHVZLWKYRODWLOLW\RIRYHU\HDUVWKHORZ&2TXRWDSULFHRXWFRPHVWKDWPRWLYDWHWKH
GHFLVLRQWRGHOD\LQYHVWPHQWDUHQRORQJHUSRVVLEOH$VDUHVXOWWKHUHLVQRLQFHQWLYHWRGHOD\LQYHVWPHQW






WKH WUDGHRII EHWZHHQ WKHSULFHRI&2TXRWDV DQG WKH FRVW RI WHFKQRORJ\GHWHUPLQHV WKHRSWLPDO&&6
FKDLQFDSDFLW\ )LJXUH VKRZVDKLJKSULFHYDULDELOLW\ VFHQDULR IRU WKH IOH[LEOH ORDGSRZHUSODQW7KH
FRVWRIZDLWLQJDQG LQYHVWLQJ LVQR ORQJHUVKRZQ UDWKHU WKHRSWLPDOFDSDFLWLHV WKDWZRXOGEHFKRVHQDW
HDFK SULFH DUH GLVSOD\HG 7KH&&6 FKDLQ FDSDFLW\ FKRLFHV WKDW UHVXOW JLYHQ WKH KLJK&2 TXRWD SULFH
YRODWLOLW\VFHQDULRDUH0W\0W\DQG0W\)LJXUH$FFRUGLQJWRRXUPRGHORWKHUFDSDFLWLHV
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FRPPRQ WR YDULDEOH HPLVVLRQV
SODQWV HVSHFLDOO\ WKRVH ZLWK
ODUJH IOXFWXDWLRQV LQ HPLVVLRQV
2ZQHUV RI VXFK SODQWV ZLOO SD\
PRUH IRU HPLVVLRQV TXRWDV
FRPSDUHGWRWKHEDVHORDGSRZHU
SODQW VFHQDULR 7KLV KDV
LPSRUWDQW LPSOLFDWLRQV IRU WKH
LQYHVWPHQW RXWFRPH 6LQFH WKH
SODQW RZQHU SD\V PRUH IRU
HPLVVLRQV LQ WKH FDVH RI D
IOH[LEOH ORDG SODQW FKDQJHV LQ
&2TXRWDSULFHVKDYHDJUHDWHUHIIHFWRQWKH139RIFRVWVIRU&2PLWLJDWLRQWKDQLQWKHEDVHORDGSRZHU


















RI&2TXRWDSULFHYRODWLOLW\ DQG VWLOO LQYHVW LQ&&6 WHFKQRORJ\:LWKD IOH[LEOH ORDGSODQW KRZHYHU D
ORZHUTXRWDSULFHYRODWLOLW\WULJJHUVDGHFLVLRQWRZDLW$FFRUGLQJO\LQWKHZDNHRIVXEVWDQWLDOSROLF\DQG
&2 TXRWD SULFH XQFHUWDLQW\ EDVH ORDG FDSDFLW\ SODQWV PD\ EH PRUH DWWUDFWLYH LQYHVWPHQWV IRU &&6












(FRQRPLF IDFWRUV DIIHFWLQJ WKH FKRLFH RI &&6 FKDLQ FDSDFLW\ DQG LQYHVWPHQW RXWFRPHV IRU &&6











QRW RSWLPDO WR EXLOG&&6 FKDLQ FDSDFLW\ HTXDO WR SHDN&2 IORZV EHLQJPRUH HFRQRPLFDO WR SD\ IRU
HPLVVLRQVTXRWDV$VDUHVXOWRIWKHDGGLWLRQDOHPLVVLRQVTXRWDSD\PHQWVWKHH[SHFWHGFRVWRIPLWLJDWLQJ
&2 HPLVVLRQV ZDV JUHDWHU IRU WKH IOH[LEOH ORDG SODQW WKDQ WKH EDVH ORDG SODQW OHDYLQJ WKH &&6
LQYHVWPHQWGHFLVLRQLQWKHIOH[LEOHORDGSRZHUSODQWFDVHPRUHVHQVLWLYHWRSULFHYRODWLOLW\




+LJKHU YDULDEOH FRVWV PD\ KDYH UHVXOWHG LQ ORZHU RSWLPDO FKDLQ FDSDFLW\ HVWLPDWHV DQG FRQWULEXWHG WR
JUHDWHU VXVFHSWLELOLW\ RI WKH IOH[LEOH ORDG &&6 SODQW WR GHOD\ LQ LQYHVWPHQW IURP &2 TXRWD SULFH












































































&2 TXRWD DQG HOHFWULFLW\ SULFHV $ UHDO RSWLRQV DQDO\VLV PD\ SURYLGH D XVHIXO IUDPHZRUN IRU WKLV
DSSURDFKDQGFRXOGEHXVHGWRSURYLGHDGGLWLRQDOLQVLJKWVIURPFRQVLGHULQJ&&6FKDLQFDSDFLW\VHOHFWLRQ
XQGHUJUHHQILHOGDQGUHWURILWSODQWVFHQDULRVVLQFHUHWURILWWLQJ&&6UHVXOWVLQHIILFLHQF\ORVVHV
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